Europeert f^atent Office 
Office earojsien 



lllllllllilii 

<11) BP 1 605 S23 A1 



EUROPEAN PATENT APPy CATION 

published in accordance with Art. 158(3) EPC 



{43| Date of publication: 


(51) M CI J: HOI L 33/00 


14.12.2005 Stilietin 2005/50 




(86) internationa! application nurrijer; 


(21/ Application RUfnberi 04718410,© 


PCT/JP2004^02982 


(22) Date cf ttling; 08,03v2^4 


(S?) inisrnaiionaf pubflcaSon number: 




WO 2004/082034 (23.09.2004 aazette SQ04/39) 


{84) Designated Contracting States; 


• HtGAKi, Kertjiro 


AT BE BG CH CY CZ DE DK EE ES Fl FS GB GR 


ftamlKshj, Hyogo 664-001 S {JP} 


HU IE rr U LU J8C «L PL PT {«> Se SI SKTR 


* !SHii,T3iGashi 


Designated Extanston StEtsB; 


ttami-sM, Hyogo 604^01 & (<)P) 


ALLTLVRSK 


* TSUZUKt, Yasush! 




Itatnt-sh(, Hvogo 664-0010 (JP) 


(30) Priority: 14,03.2003 S0C3069711 






(74) i-^eprssentative: Cross, Rupert StJward Bfotint 


(71) Appiicant: Sumitomo Electric industries, Ltd. 


BOULT WADE TENNAMT, 


Osaka-stil, Osaka 541-0041 (JP) 


VeruSarrt Qardens 




70 Gray's tmi Road 


(72) inveniora: 


Londorj WC1X88T(<38) 


• tSHiOU, Sa<tamu 




itaroi-shi, Hyogo 664-0016 (JP) 





(54) SEMICONDUCTOR DEVICE 

(57) A semioonciuctor devica lor adequately remov- 
ing hs&t gerserated by s. eemtccnductor siement is pro- 
vided. A semiconducSor device 100 is equipped with a 
substrate g, having a bottom surface as and an efement 
mounting surf ace 2a wh ici-i is positioned on the opposite 
sideof bottom surface 2b, and a semsconductor element 
i, tjaving a main surface 1 a 'A'hich is mounied onto ol- 
emsRt mour^ttng surface 2a. Wifii L being tiie tengtf) in 
ths tong direcSon of main surface 1 and H being the dis- 
tafics between bottom siirfsce 2b and element mount- 



ing surface 2a, tfie ratio H/L is 0,3 or greater. When tfie 
samicortductor eiemant isatigirt smiiting element, ele- 
ment mounting surface ga is a cavity 2u, and elamem 1 
is provided in cavity 2u. A metai layens fs provided on 
the surface of cavity 2u. !n addition, wtign an eisDtrode 
32 wtiich connects to ars extemai part is provided on 
main suiface la, on ttiacavsty side of tiis part wiiici-i con- 
nects witis etectrode 32, main surface 1 a is provided wit h 
a groove. The groove is for praventtng outward ffow of 
connection member 34 of eiectrode 32. 
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Description 

iechntcai Ffefci 

[0001 J The present Snventton relates to a semlcorKJuctor tJwkse, (n partteutar, the present invention relates to a ssm- 
iconduGtor cievtos equipped with assmiconductor lighi emiiang element such as a semfconduetor (assr or a light emiaing 
diode or Ihe like. 

Baci<gmund Art 

[000S| As thare has been demand for increasing peffofmanoe in semicondyctor devices, there has afso been a 
dratnasfc incrsase in the amount of rtsat generated by the semiconductor Qiamenternourtted on semiconductor devices. 
The Bums is true for BsmiaofidLffitnr figfit emitting display devices sucn as ssmicoodaetor lasers, ijgiit emitting diodes, 
and the iike Tfisrefore, the p-iateriai onto wUtoh the semiconductor element is mounrsd prsferabtjr has the same coef- 
ficient of thermsi expansion as the ssmfconducSor elemen! and ha& a high ti^ecma! conductivity. One example Of a 
semiccnductor device with an improved hsat releasing construction is disclosed in JapanesR Exarrjineti Patant Number 
4-3647S. This stibstrate is a composite materia! havirjg main compofjenfs of copper, tungsten, and molybdenum. Its 
coefficient of thermaf expansion is oiase io thai of the mounted semiconductor iigf^t emiHing aiemeni at 5.0 to £5.5 x 
10'<'/K. in addition, its thermai conductivity ie high at 200 W/m-K or greater. With the present invention, eismsnts wii! 
be r^resefited by their chemical syn^ois with copper as Cu, tungsten as W, as^d the like, in adciitien, v/ith the invention 
disctoesd !n Japattese Laid-Open PatetS Number 2002-2320i 7, although the object of the invention is to innprovs th© 
light emilting efficiency of the semiconductor device, the substrssa, whfch Is provided with a condudive part, is a fiat 
board-shaped ceramic wJlh a high thermal conductivity. However, depending on the field of appiication, with these 
semiconductor devices, inciiidSng these types of light emilSng devices , there is a demand for high output from the 
semioonductorelement. Asa resuttr there has bean a trenci tov>'ard ii!(;feased size of the semfconductor eiement, and 
the amount of heat generation has also dramatically ioofeasod Particulaiiy wtsi> ssfTiicondtJCtor devices with semicon- 
ductor light emitting elements, there has bserj a dramaiSc increase In th© amount ot light emission, and a conoomttant 
incrsase in the size of ttre eisartjent and tframatfc increase in the heat generation. M a resuit, thena is a need for new 
means for inproving the hsat release efficiency around the tieat generating anaa of the semteonEiuofor devics. 

Disclosure of invention 

{0003| fn order to soive the above probisms, the present inventots have researtihed the constwction of the area 
around the semtecidtjctor slemsnt. The present invention provides a semiconductor device comprisinQ a semicon- 
ducsor eitjmsnt, and a sybsttate whiot! has ;*ri upper surface onto which the essment is mounted and a boitom surface 
whfch is posfUotied on the opposits siiJe, Willi L being the iersgJh of the iong edge of the trial n surface of the semicon- 
ductor element and f-i being the distance from the semscouducior eienseni rnoutiiing part on the upper surface of the 
substrate to the bottom surface, the ratio H/L is 0,3 or greater. With this invention, the heat generated t)y the asnticon- 
duotor element is adequatety released, and the iifespan of ttie semicondijctor devics ia extended, in addition to the 
above, the semiconductor device of the present Invention has a semiconductor elsnrtent which is a light emitting ele- 
ment The part <rf the heat rsieasing substrate on which this iigbt emitting eiement is mounted 'i& fotmed as acavity. in 
addition, a nrsstai layer is fcimsd on the top surface. WKh this, the heat refsasing property is improved, and in addftion, 
the light tram the light en^ttiog etement is rsflaeted by the mefai tayer, and the fight emitting efficiency of the devics is 
improved. Furthemiors, in addition to the above, with the semiconductor device of tf^e present invention, a connection 
member which connects between the fight emifting element and She terminal plates for power suppiy are placed st a 
position separated fronrs the cavity, and a means for preventing the connection member from invading the csviiy is 
provided on the upper surface next to the connefSion member. With this, the connection member does not cover the 
metal layer in the cavity, and a reduofion in the light emitting efflesaney of the device is prectuded. 

Brief Description of Drawings 

PJ0841 

Figure f is a cross -sectional diagram showing an exan^fe of a semiconductor device according to an ifttpieman- 
tation fjiode 1 of fh^^ piressfii invention. 

Figure P. is. a ptirspaciive view showing rarte mode of a semiconductor element represented in figure 1 . 
Figure 3 is a perspective view showing anottiar made of a semiconductor element shown in Figure 1, 
Figure 4 is a crass-sect iona! diagram of a semicondtictor device describing heat reiease. 
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Figure s Is a cfoss-secibnaf d agn^m showing an sxample of a ssmieonductor device aeoottJirig to an impiem&n- 

iaiion rtwcte ?: of ii-.-i f>r«s;ari! inveaiion. 

Ficiu; e 6 is a persDtiCtive view iihowing one mode ot a semioonduolor light emitting etemetv} shown in Figure 6. 
Figure /' is a cross-secJion showing an exsmpte of a sranicoDdsiGtor dsvics according to (mpiementaSion mode 3 
5 ot ths prseam invsntion. 

Figure 8 is a dtagtafn rspresentfng an sniarged cross-secton of one mods of the mm indicaied by V in Ffeute 7, 

Best Mode for CanySng Out the inveniion 

fo p>O0S] Referring to the tirawings, the implemwtatton modes of ttie pnssem invenSion ar« described b&im. !n tfis 
following imptemsntation modes, parts that are the sams or are corresponding parte are given tiia same reference 
numbers, and their deacrlptioris are not repeated. 

(tmpiementatioR mode 1) 

is 

[OOOS] Rsferring to figure 1 , Ihere is a cnoss-sectfon representing an exatnpls of a jsaoriiRoridiicf or dsvice socsrding 
to tmptementaSon mode 1 of tJie present tnveniion. FigurB ? Is a pefsspenfive view showing om mode of tiie semicon- 
ductor efement represented in Figure 1Jn a semicorjductor device 100 of Figure f th&& ts, a stuwamdiisio! ptafnsnt 
1 havirjg a main surface la. There ts a substrate 2 which is integrated with a frame part £c on which the eiemeiit is 

£0 mounted. Sutjstratc 2 has an upper ayrface 2a and a iower surface 2b- There is a distance H faatvsasn ihsss mo 
surfaces, i^ain suitace la of ssmioonductor element 1 ie opposite uppsr surface 2a of substrate Z. in tf)e present 
situation, main surface 1a is a rectangle. The length of the long side of m^n surface 1a is a length L, corresponds to 
thai of long side 11- The length in the short side direction corresponds to that of short side 12. This is the same for 
othsr tmpiementatiori modes, but if main surface ■ it is ractsmgufer, norm.^liy. tha surface of the other side is approxt- 

^5 matefy the same shape, i-lowex'er. this dees not aiw.-Ly.n i avctc ba ino oaso As; shown in Figure 3, ihere are examples 
of ifte main surface being ctiier i.h.=in b rectijngie. It s ienglti :n tne icn- ciire&uon ot {ha main surface of the semicon- 
diiO'Of &!f?'TU!r>t oi Efio present invention is mcasi^rcd f -om the o:;tS!os p.r image projec-ed in a direciian psrpendicuiar 
to v.m mciin suitaco. t";xamp!ss are shown in !■ Kiwm 3A ttiroui^'i 3i-. . '.V.c i;;=!fi (JinplavocJ as L i3 thij iopcstii in the long 
discc-iioii. (-"ar e.vampk;, it it is a ctrck; or j.q!jf-ra, i.^'-cjih L. L'; ttio (larriotf;; \m length ot one of Is sides, respectively. 

30 if it is af! eliifKse, it is tiie tesngln of the major axis. The distance between the upper surface and tha lower slirfacs of the 
substrate is H. in the semiconductor device of the present invention, ratio UH is O.S or greater. Preferably ratio UH fs 
£},45 to 1,5, and more preferably it is between 0,5 and 1.25. 

[00073 Atthough it is the same for the oJfisr iirplefnentation mod^, Figure 4 is a cross-sectioriai diagram of a sem- 
iconductor device tor sc^ematioaiiy dsscrlbing the reisase of heat. When a heat Q is generated from semiconductor 

as fight emltiing siemsni 1, as showti b^/ atrows 50, the heat spreads wiihirs substraie 2 and is trarsmii'ied to bottom 
surface 2b of subsitrsite S By m.r:king dis-ance Z larger, the area contributing to the fiea- release of tjottom sjrface 2b 
of siibstfats 2 Is erii.Mrg.-^rJ In orhor vi'yiM. the ivra- gsneisiecj '■rorr, scmitionciu'Rtor licjhl .-^miftinq etement 1 is efficientfy 
teleased, in order to increase distance 2, disiance H must be mcrc^ised. As a result, in the present invention, distance 
!-! is increased, and the arriount ot heat releas-s fmni bottom surface 2fa fs inisreased, !n addiiion, in orciijr to have a 

40 reiiable heat reiease effect, diiSiancQ Y is preferabiy 2 timos or greetsf the icngih i,. of first side 11 , 

[0008] Although it is tho same for the other innplementasion modes, substrate 2 iis a heat reteastng nnember. The 
matertai wii! depend on the pacitags design aeoofding to the needs of the semiconductor device, in addition 1o pEscii- 
aging ths semiconductor device, there Is aiso the need for oase of manufacturing, light weight, and a iong usage 
lifespiijf!. How(;vf-r. as dflHcribeci prBvlousty, the most important properties are that the heat expansion factor t>sstmiiar 

'fs to f hat of the semiconrjiicto! eierfient and that it has a high heat oanducftvity. The heat conductivity of the substrate of 
the present invention is 170 W/m-K or greater, and preferably J?00 W/tn-K of greater. 

[0009] Tlis materia! of tiie substrate is ( ■ ) v.:iric(.is inorga-^ic andcrcsrijc materials and their comcounds, {?.) compcsttss 
material in which liicse varioi.;& Inargaric ano orcianc r,3i2^ia!i D.r-j m.oroscopicailv mixed wilhout being chemicaiiy 
comtsinaci. c;omt3tn£3d material In whsch tiicsa n-;;stoi' i^o maoio.^cop caily ccml:-ined, 

so [0010] Tor the inorganic materials of (1), examples inctude: sami-metals such as carbon {tor sxcmpiB, ^rapliito, 
cBantond), Si. and the !i!f;e; metsl materials having as the main components Ai, Cu, Ag Ac and tr^-msiiion fns;..iis of 
Grtjups 4a through 7a, Ba of the perlotJio table; compounds of semi-mstsis and metals sudi as TfC. Zrfvl , and the lii<6; 
cofTipouncfe of semi-metals such as SiG. S4C, and the like; compounds of seml-metais and non-msisis sucii as St^N^ 
and BH and the ilice; and compounds ot metais and semi-metals such as AIN, For the organic maietiais, these are 

ss compound present in living organisms, in the natural world, and those which are synthesized. Examples Jnciude OHA. 
enzymes, naturai or synthefe rubtjor, fibers, resin, otganic tneta! compounds, and the iike. 
£0011] For (3), flie various materials of (1 ) are microscopically mixed and dispersed or arranged. For exampie, there 
.are various eomposita matarials, such as Cu-W, Cu-Mo, A^-SiC, Af-AIN, fiiQ-C, Si-SiC, and the Sice. For {B), some of 
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the matenais trcjTi (1) and (2) are cDfiibined in bulk. This can take tvar-y forms. Examples incft-dsi: ;=iysr3d bodies of 
Cii and Mo, M and SiG, ancJthe Ske; boarci-ahaped examptes with t'vj ^ivcas sa:: 2e:r,g Cl: and the oiiter pstimeter 
biiing Gu-fvlo; iujiclionaffy iayeroiSexamptes in which there is a gratiiC ii ^s :;r- tlvj pjro jnt of Cu cM&nqing in tfse thicKncss 
direction of a Cu-Mo iaysr, ar>ci Ihe like, "fTjese are created as apprc:;;:t:;a (iociar ■;i;ri(5 on Eho saciwige design. We wif! 

5 introduce iniplasTisiitatio!! sxarnpUss q' represin^.-iLlV!: s;:t:s!-.'=st--r-^ h-^iciA- 

[0012] For exasTifjle. wiU; cofiipusiU; ritatfsriftl o. C-i-vV i.r Jc.'^crlrjftd pf&viot;sjy, vviieis Cu coiUenl is in 

tfse range of 6 lo 4C% by mass, Ibe coefftdefU of tfjetirsa! expansion is riortnaliy 5 to 1,? x 10^;K. it) ndciiiior;, wtten 
using cojTposite materiai wilh s main component of Ai-SiC for substrata £, wiian the SiC content is in the range of to 
fo 70% by mass, the coefficient of thentiai expansion is in 8ie range of 8 to 20x10-^. With the assumption of using 

to a semioonductor efement 1 of Gaf^, GaAs, tnP, or Si , their coefficients of ihem^af expansion are in the range of S to 
7x1 0-s;k. Thsrsfore, It is preferred to have ttte coefticient of memnat expiansion close to tfiis range Therefore, witri 
composite rnsil'ijriai of Cu-W fjr Cii-tv5o, the conLent is prefersbty In the range of 5 to 40% by mass, move pteferabfy 
in the range of 1 0 to 35% by f^isiss. and evs-'n rFJOre praterafaiy in the range of 1 0 to 20% i>y masB. For these composite 
materiais;, a nofded body vvifii a rtwifi eott^porifjnt of W or Wo pcy-'riffir is i-nsae r.: rhi% is {v:riitei «;niet!?(ri, and a porous 

»s body is created Cij is itifil-reiec; inio ths pores (infiftraiing rr.si^.od) .Aiu,- i!.:i:v(-i-,' ■-, .-i^xlure ct powder w:th rnain corn- 
poDcnts cf Cj and VV or Cu and Mo is r-noided, and tiiis sintersid sii M-.vii'g r-;?;;'-:r...i}. in addition, for f:xarnpie. vviien 
a composite iDateria! of Ai-SiC is used for the substTate, the Af contcn; is prcterabiy ir: (he rantje of i>fi to SS % by mBB&. 
This mater tat is mansjfactursd by iha following msthocfe; a casting method in which SiC powder is dispersed in Ai moften 
soiution and coofecl; an Inflfttaiion method In which Al is mftltrated into the pores of a porotis body having a main 

^ component of SiC; 3 sinferinp metfexi in which after motding a mixture having main componen ts o? Ai powder and SiC 
powder, this is sintered, 

IQ0131 in addition, aithough not shovm in the figures, in orderto form an eieclrfcal connection wfth samiconductor 
element 1 , a cotineotion rr^eans, such as a tjonding wire, Hip chip, via hofe, and the like, is provided between substrate 
2 and semiconductor slement 1 . 

[0014} Although it Isthesam&forthe o&wrirrtpie ne'ifaiior! rr:oc!;;i- o; ■ prc,?c;n: irrvO':;i!..f i-. rnc:- si iay;jr 13 totnieij 
on eiemsm mourning surface 2& of suijs&ate 2. for cantiffciion AVih m; ser^ ic^-duo-oi oiciiiun- <.-r ior cicoinfying the 
siemen). in this situsfion, in order for the meta! iayer to have adequate joining strength, tne surjace roughness of 
surface 2a preferably has a maxtttium roughness by JIS standards {JIS B 0601) of Rmax In a range of 0.1 ia 20 
mtcromelers. When Ibe maximum roughness is less than 0.1 micrometens, an anchoring effect is difffcuttto achieve 

30 when fomiing ijje metal layer: On the o*8r hand, when Rmax exceeds 20 micrameters, the amount of adsorbed gas 
such as oxygen and the iiko on surtiace 2a increasea, and the amount of gas reieased when fomitng the metal layer 
increases, and tits degree of vacuum needed forflfen formation is diiffcuitto achieve, More preferably, Rmax Is between 
0.1 mlcrorrieters and 8 micrometers. When Rmax exceeds 8 tnierometsrs, hoies are easily generated during joining, 
and there can be unevenness in joining strength . 

35 fOOtSJ Wifh liie aemiconductor device of the present invefttiorf, by havtfig ihe dimensions of ihe subslrBle and i!ie 
main surface of the semiconductor element witf-iin a prescribed range as described above, the heat genorated by tiie 
etement is released smoothly. Witii this, the effects of excess temperature rise by {he etement, such as reduction in 
output of the semiconductor devics or the deterioration of members near the element, Is reduced greatiy. Increased 
output from the device and e3«en<ted usage life is possible. 

OtTipiementaiion mode 2) 

[0016] Referring to figure 5, iJiere Is shown a cross-section of a semi-conductor device according to implerrentation 
mode 2 of the pre.seni invenfion in this sit uaiion, scmicr>nductor element 1 is a light ei-nitttng siemenf . 7 he design of 

*5 device 1 00 b i-iontrolleo as do,?cr,bcd above w;tfi ragara to H,'L "v*ela! iayer 1 3 ia iormed on sioment motmting sijrfac.t: 
2a and Is orsfsrabfy torrned wirh the sjr- ace fosn as described ubovo. Wt'n this impio-rtor-iiiticn t ■■!0(je -ho rrijjf sil iayer 
i^.as a roie oi reflecting light emitted by iigtit e.'Piairig aiernan; 1 , ,i\s a resLit, .tne melal layer is norniatty coristnjcted 
from a metal with a higti rafiejctance such as sifvsr w iiks!T•-■^^rn o- !-o'": a neiai having a main component of a high 
reflectance metai. Metaf layer 13 isformeti by pi.-sf uvs or tiiipr.K;-;- it r.ovf!!.^ the eiameti! rnrHifjling.snrfac'tS 

SO The metai layer may be formed on other parts, not just tne eiement mounting surface, or it may ba tormed on the entire 
surface of substrate 2. \A^en the sulTstrate body is conductive, for sample If it is of a rrteta! material or the like, bright 
silver plating by an eiectroptating method is prefenred. In addltioti, ff the reflectance of the element mounting surface 
itself Is high, there does net fjave to bs a metal iayer in addition, in Figure 5, metat iayer 1 3 is providad in a cavity 2u , 
hijt if is also possible to ti-se a subsirate 2 without cavity 2ii and have meta! layer 13 providsc on eicmeni mounting 

55 suilace 2a of siibsirate 2. 

[001 73 Thi5 r)ik.kt)ess of s-.itbstrate 2. or in other words the dist-ance H from bottom surtsce 3b to sismetit riot;ni.lng 
suriace 2a, can be established according to tie dimensions of semiconductor light emitting elerfiefil 1 . For exanjple, 
distance H can be 0.3 mm or greater and 10 mm or leas. 
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[0018] Ssmiooriciuctor ligl't eiTiirLirtg efement 1 is piovideJ so fhsit \l contacts rrseta! titysr -irj. Tha eiemsnt is con- 
strLictsd ftoiTi a compound semfcondLictor light -jr^ttifig efement of lha !!-Vi group or i!f-V group, such ss. ZnSs? K^As, 
tiaP, GaN, inP, asid the liks. Hera, group W efensenis inciuds zinc (Zn) and cadmium (Cd). Group t!l etemenis inciude 
Doron (B), aiurRinum (A!), galjium (Ga), and indium (in). Group V c^cmonts IncsudH nitrogen (N), pliosphorijs (P), arsenic 
s (As), BH'i sniimony [Sb), Group eismsnts inciude o>c/giu ;o.:. ;S! scienitim fSa), and tsliuriuni tT). Thoes 
compound sernicondijctors can be formed on top of a sub.iiNj-.e os sappnife or tiie iike. 

t0O19J SubstriiUi 2 can he consffijcted from a Fe-Ni attoy or Fe-f*Go afioy. for oxampte. in acicilion, there can bs 
an intermsdiate layer (not sfiown) provided tjeSweetj eiteniisril mounting swrface ea antf mstal teysr 13. For the fnter- 
medtate iayef, exampies induds Hi, Ni-Cr, Ni-P, Ni-B, Ni-Co. Cu, and Au. and the like. Tfsese are tofmed by plaiing. 
w When forfphg by vapor depoaitton, examples irscfuds Tt, V. Cr, Ni, NiCr afioy. Cu< W, Zr. Mb, and Ta, and the like. In 
addiSion, the intermociiato layer can fas muiti-iayorcd witfj a piaiing layer and/of vapor deposition iayerdsaortbed above. 
The thickness of the irteiiriediaio layet is arafar!ii;!y o.fj^ lo & micromsiers, and mors proforabty 0,1 micrometers !o 1 
friicfomfiftfir. 

[OOSO] U\ this !tr(piennf."itaiion rria<,i-s;, ih<; rytations'nsp bsrweer. !ength L fn fhs iong direction of main surfaos 1a of ihe 
W semicontiucEor eiemeni and siis.- distiino:; H OirMi-.en ihf: i.ipr.-'sr s:jrfac.s find iowar surlace o? stjbsJrats 2 is ;he same 
as in thf? previous implemeniftiion mocie Figure 6 shoA.s & perspentwe view of tha .■serpictjndijctor eterrssnt of !his 
impiementaSion node in this situation, the etetnent has a step part id. bui thii? can be eiiiTiina-ed. Side 11 is the iong 
side 01 somicondDctor figtil omitiing afeirieot 1, and side 12 is tiie short side, in this eituatlon, the kmgti) of side 11 
corresponds to iengm L., and extends approxtmstefy perpendicular ts step part l d of lighs oniUing sicnont. Side 1 2 
extends approxirDatsl y paralte! to the step part. There are situations whan sides 11 and 1 2 ara approxinstety the same 
lengtii. When main surfaces la is not recSangular, it Is as described previously. For example, even if main surface ta 
is reotartguiar bos with rourtded corners, a.n extrapolation line is drawn along tfie atjtiitte projection of main surface la, 
and this is detemiined to be iong aids L 

[0021 1 in this itnpiementation mode, vvfih semiconductor ijqht !;rr!tt:nq sismant i . power is supplied from main sitrfacs 
^5 la and/or from ihesido opposite of nrain surface la, • :-:;! ■ o i ii ijgfit emitiing layer (not shown) provided 
within semiconductor iight emining element. Senu:f..ndijc;;: <i<r;X>:\q eiement can fcs a iigii't en^.itting diode, or It 
can be a semtconductcr faser. in addition, the waveiengi h oi - he Jight gorisrated tjy semiconciuctof iight Gmi^;n<! frlBrrtsnl 
is not pariiajtarly iirnHed. 

[{t022} "niers are holes 2h which pass through sutisttats* 2. Hoias 2b are apprcximateiy cyfincrics; in snap*?. On the; 
» inside of holes 2h, there are an insuiating glass 4 and pins 3a and 3b. Rns Sa and 3B suppiy power to semicofiduciot 

light emittffjg element 1 and are ctmstructed from stainless steel (SUS) or a Fe-Co-Mt aifoy. in addition, as long as the 

elscttioaf resistance is small, pins 3a and 3b can be formed from other compositions. I nsuiating glass 4 is provided for 

positioning of pins 3a and 3b inside holes Sh. insittating glass 4 fliis holes 2h and also has the fundJon of fnsufatjnq 

pins 3a and 3& and subsirale 2 
^ [0023] Bending wires 21 ^.nd 22 si«t;nic;aljy ^-.y- -.r.K .; r^iii.. X'. . na 3h vviili setniconductor tight emitting element 1 . The 

power suppiied from pins 3a and So is suppiicc to 5::jii.:;,(riiji:c.t.;! iigni wtniiting eismerrt 1 via bondltig vsires 21 and 

22. Bonding wires 21 and 22 can be constructed from gold, aiuminun!, or tiiesr aitoya. 

{0024] In order to have increased output for semtconduotor fight element 1 , the length in the long direction, in olher 
words, the length L of the long side is preferabfy 1 mm or srsaler, orthe surface area of main surface la is prefefs4»^ 

40 1 mm2 or greater. 

[0O251 if the heat generated from samicondtictcr light emittirtg eiement 1 is not adequately rsfessed to the exterior 
and removed, Hie temperature of the eiement itself rises. This could result fn reduesd light emitting etficfency, and It 
may lead to shifting of wavelengths of tight so that Sight fs no ioffgee being emitted at a constant color. Furthsnrtore, 
6:K: to the heat, pertphei a' -rie-nbers suc't as ftuore.scent bodiras and the li!«e can detet ioiafe A.s a resuit of tfi« sbova, 
the lifespan oi the setnictDrsdijctor dcvt.a is .-jhcrtened. In particular, when length L of the light eniittif eier' smt «xcaeds 
1 mm. tli5i tGnipef .aturis m ttiscsntrai part o? the eiement tends to rise, and its irtosDsn is shortened In the semiconductor 
dsvtcs Oi" the present impleTientatioP rtode, be^ajs? >~ L ir 0G;!f-i-!:zed. an adequate roioase of hsat is ccnducied, and 
the above probiems are !<eoi tri citsjck. 

[00361 HfirfiSfOfi. 'A'jih i-Tipi'irrie.fitation rn-jri-? z r~ r.; a^ove improvemsnls in hea- release, the light from 

50 the iighi emitting elemenr is tefiects-d tjy ttje meta; iayet, (i.-itj ttie iit}ht otiipai of ttje device is increased. 

{fmpiemenfatton mode 3) 

[0027] f-";gu!"e / shoves a cioss-section of s semiconductor device according to implemontatton modeS of the present 
S5 invwtion Figuie 9 si cross- seOion showing an <?nla'ge-i-jnt o' t'l; csre^s wtlhin ciicie V of Figure 7. The design of 
tnis a!3m:cofiditt:-ot device is contruiied as descnbod above w.t'i legaid io H/L A meial iayfif is formed on the efement 
mounting surface and is preferably fonTsed wiih the surface fomi as desctlbed above. The mesai layer has a roie of 
reflecting iigfrt emitted by Bght emittmg element 1 . As shown In Figure 7, unlike with impiementation mode 2, semicon- 
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GuciOf device ! 00 o! mis (mpiSJnsntatton rncde hss p^rs A ccnnecttcn member 33 is provided on iop of substrale 
2. A termina! plats 34, which is tQnn&a from an insulating pms 31 and an sfectrcnie 32, is afffcceti to substrate 2 t>y 
connijcrtion merebe;- 3'3. Connection membfji' 33 is a soidsr or an sdhssive fcr example. A groove 2t is formed oo 
sijbshate 2. in ordet io pre.ven; confksc.tron merriije ' 33 jiovvitig ifiio cavHy &it. Sf coiwectioii mernbsr 33 ffosvs into 

5 caviti' 2u, trjis results in su-tace unevsiiness in cavity Zu, and Va& figitf reffecJance is reducecJ, Other means may be 
useci as iong as iha sarn-3 ob;ect Is aciiieved. For oxampie, liiere car) be an asea wit)) burops. insLiiating plats 31 is 
constructed from ceramic, fot exampte. However, instead of insuSatins piaie 3 f , an instiiasing fiim, sucii as siiicon nitnde 
ttiiT! or siiioon oxide fiim can be provided. On top oi insulaUng piate 31 , t(>em is a conductive eisctrode S2 for electiioaf 
cont^ection with bonding wires 21 and 24., This eiectrods is formed by prirjting, vacuum deposition, piating, and the 

10 il!<s. Groove Zt cam be formed !sy mechamca! prociesstrjg or sand taifssting, in addliion, groove 2i can be formed by 
partially removing tl>e underco^ pialing formed on Ihe suttace a\ substrate 2 or It can be provideci \n a region whicii 
is not pfatsd. The widiii of tiw groove ts preforaoiy 50 -r.ic- or-'.c-srs ot greater and 1 mm or iess, More prciorabiy. It is 
loo nrjicremetetB or greater and 500 rriic!cjrr:etf:r£ or :es3 if inf- w^citf! is too nanw, the connection member can easily 
get !3ver the groove, if the widtti is too la-Qe. :t tsccivies wastio ipace As: dssecribeid above. Implemantation mode 3 
cf the pfcsisnt imcnt:on i-ias a conneaioft msirr-L-©! J-3 w'-.'-.O- i pr.;vicic;T ;a f: irat;:- ix;::'.iDr] ;rc!n-> cavit\' Sis and wtiloh 
connects ■SLil'istral.f; 2 wiih !fifrr;ir),'si piajs 3.':. ?>'Son'.:AX^ 2 i« •if.jvico;-; •.•.'ith gro-ivo r<-t «-5 a mesins f;->r pfsventing con- 
nection Pismber 3S from tiowtng into cavtty Su. With this ronsiniction. ihs ?;ei-nir:Of)di!Cicr ciavtc:© of impiemsriafion 
ruode S of the present irweotiofi prevents reducllott in iigit! emiiSng irffidericy of Sfie device by fH-aventing fiie connection 
rrsetrtjer from covering the roeta! layer in the cavity; 

Embodiments 

[0028} With the embodiments, using semiconductor devices '! 00 shov/n in Figures 1 . 7, and 8, irie temperatures of 
siemlcondiiijtor ligfit emitting eienients 1 when serracoriduciot tigfit emitting elemenis 1 *i\(ete iiiuminaied were maas- 

(EsTibodimeni 1) 

lOOZSfJ First, a semiconductor device 1 00 liaving a constmctiort as shown in f^igure 7 was prepared. The substrate 
so was constructed from a composite materia! containins) copper at 1 5% by ma^ and tungsten at &&% by mass, and the 
semiccnductor light emitting eierrjent l was a Gafvf seriescompouncf semiconductor tight emitting diode. Boftom surface 
2b of samlconductor device 100 was mounted on lop of a copper frame. Using materials described above, and iiavirtg 
various measurements for dimension Y of substrate 2, dimension L {iengti? L of tiie iong side) of the eiemetrt, and 
substrate thickness H (distance H from element mounting surface 2a to bottom suriace 2b), tiie stsmpies shown in 
S5 Tabiis 1 were prapared, 

{0G3O| The sfflniconducior light emitting elements 1 from Sampies 1 through 10 were iliumsnatad with a current of 
1A. After one minute of iibntination, temperatures T1 were measured by using a radiation thenrsomeser {noncontact}. 
iilumination was continued, and anertJiree minutes of Btumlnation, measurements for temperature TS were tsften for 
each trf Sampfes 1 thraogh 9. The rate of tempergiure increase {{T3-T1)/ri) were measured for each of Satnpies 1 
40 through 10. These results are also shown in Table 1 . With regard to the rate of temperature increase shown in Table 
i , the double circle indicates mat the rate of tempet^ture increase was fees than 10%, A aingfe circle indicates ftat 
the rate ot tetnpsrature increase was iess than 20%, An X inrfioatas ihat the rate of temperature incre^a was 20% or 
greater. As seen from Table 1 , Sampie 2, which is outside the scope of the present invention. Had a large rate of 
teniperature increase. As a resuit, it can be seen the he^ releasing property for Sampie 2 was poor. For ail other 
sampiss, because tiiey are wjithiti the scope of the present invention, it can be seen that the taleof tempenature increase 
is suitabiy controilsd. in particular, aJthou^ it is not shown in the table, Sampies 6 through 7 fiad a rafe of termpisfature 
increase of 5% or iess. 
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"{able 1 {oontinijetJ} 



Samplo 'MO. 


Substrate 


Eterrieri! dirrteFjsion 


Subatrais tti;ckDoss 


H/L 


Rste of temperature 




™ ' 


1 


O.S 


Q.5 




8 


3 




0,75 


0.7S 


® 


7 


3 


1 


1.2S 


1.25 




8 




1 


1.5 


1.5 


® 


9 


3 




2 


Z 


® 


10 


2 


1 


1 


1 





[0031 J fti addttlon , samples wtth the suiMrtrsrte constructSao of Rgufe 1 were prepared. The substrates were approx- 
Mety ths samis size as the above substrates and wem mads of composite matarisi! containing Al at 30% by mass 
and SiC al 70% by mass. Si semteonductor eiements of approxtmateiy the same? size as ihs iight emitfing slement 
descritJ&d above were lised, Tha samptes were in rhe approyimateiy th© same ratige of WL as above. By foltowing 
approxirnaiBly •iu; same steps and in the approximaieiy sarne H/1 range as described abovs, vviu-n the rate of tem- 
psraturs increase was confirmed; results with the same trends as described at)ovB were obiaioed. 
[00321 The impiameirtafiot) modes disclosed are at! exampfes and are not resWcBve. The scops of the present in- 
vention is jndic£^d in tiie Claims end is not limited to the above description. Any moiSfications with^ the scope and 
spirtE or ths ciatrns can be made. 

Industrfal Appiicabiiity 

[0033] Aoeording to ttse preset* itwetiliotj, a semiconduolor device that can adequatsfy remove heat generaied by 
the semiconductor etement is providsd. !n addition, with the semiconductor device equipped with a light emitting ele- 
ment, a semiconductor device with exceiient light emittitig efficiency is provided. 



1 . A ssmicofiducfor device, comprising: 
a semiconductor siement; 

asubstf ate having an upper surface on which said elernent is mounted and a bottom surface whicfi fe positioned 
on the opposite side; 

a ratio H/L beiog 0.3 or greater, with L being the iengtfi in ths iong direction of a main surface of said semi- 
conduclor aiement, and H being the distance from a semiconductor eiamsht mounting part on said upper 
surface of said substrate to said bottom surfaca. 

2- A semiconductor device as descrtbed in Claim 1 , vrfietein: 

said sernsconductor eiement is a iigfrt smttting eiement; 

a par! of said substrate on whicit said eismsnt is mounted !s formed as acavify; 

and a metat iayer is fonnsd on said upper surface, 

3. A semiconductor device as described in Claim 2. wherein: 



there is a connection member which connects between said substrate and a teimtnal plate whicfi suppiies 

power to said ssmicondutaor sight emitting dement; 

said connectjon member Ss placed at a posiiiOR separate from said cavity; 

8 means for preventing inJiitrsSon of saldconneclfoti member into said cavity is provided on saifS upper surface 
adjacent to said connection member. 
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Amendsd claims »nder Art. tS.l PCX 



1, (Afnendsd) A semieonductor device, compilsing: 



a semiconductor eiement with an atea for a main sufface of 1 mtrs^ or grfsater; 

a substfaie having a themtai conrfoctMty of 170 W/m-K or gmater and having an upper surface on which said 
element te mounted and a bottom surface which is positfaned on the opposite side; 
a ratio H/L being 0.3 or greater, with L being the ieo^h in the long direcfion cf s main surface of saidsemi- 
conducsof etemeni, artri H being the distance from a samiconductor etsment tnounting part on said upper 
surface of said subsSrats to said tjottom surface. 



2, A semiconduGiof device as described in Claim 1, wherein; 



said semtconductor eisment is & iight emitEirig efemeot; 

a pan of said substrate on which said stoment is ttiounted is formect as a cavity; 

and a msta! jayer is foimed cf) said utper surface. 



3. A semiODnduc^f devfce as described in Claim 2, vnh&mn: 



there is a connection member which connects between said substrate and a terminai plate vit\kt supplies 

povjsT to saidsemicor^ductor light emitfing element; 

said connsctlon membar is pSacsd at a position separate frwn said cavSy; 

a means for preventing intiitration of said connection membsr into said cavity is provided m said upper surface 
adjacsm to said t5onnec{ion member. 
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FIG.7 
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